Purpose: Robotic C-arm systems are capable of general noncircular orbits whose trajectories can be driven by the particular imaging task. However obtaining accurate calibrations for reconstruction in such geometries can be a challenging problem. This work proposes a method to perform a unique geometric calibration of an arbitrary C-arm orbit by registering 2D projections to a previously acquired 3D image to determine the transformation parameters representing the system geometry.
I. INTRODUCTION
Intraoperative CBCT systems require accurate specification of system geometry to perform image reconstruction. With the advent of task-based imaging and the availability of robotic C-arm CBCT systems such as the Artis Zeego (Siemens Healthcare, Figure 1 ), the system geometry can be customized to the patient and imaging task [1] . Current calibration techniques are typically performed using a specialized phantom and assume that the system maintains the same geometry with every acquisition. Such methods are ill suited to noncircular geometries that may vary between imaging studies. Additionally, there are factors that introduce errors to the geometric calibration, such as C-arm flexion under gravity [2] and system jitter [3] , causing a previous geometric calibration of the system to no longer represent the true geometry and cause artifacts in the reconstructed image [4] . We propose a method that provides an accurate, "self-calibration" of geometry with each scan.
In CBCT for image-guided interventions, a previously acquired 3D image of the patient (i.e. a pre-operative CT image) is readily available and can be utilized to calculate the transformation of the projection image via 3D-2D image registration, which corresponds to the system geometry. This process enables the mapping of anatomical homologous locations in each projection image and the previously acquired 3D image, which is equivalent t takes advan describe the used to perf None of the 0.06 for the in Figure 6 , system geom a tungsten w om was imag rees for the s A CBCT ben 6 pixels] at 10 .5 x 0.5 x 0.5) from the first from the sec described abo ion of the seco 
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IV. DISCUSSION AND CONCLUSIONS
This work shows the feasibility of using a "self" calibration directly from the acquired projection data in CBCT. The method is applicable to systems involving noncircular orbits and facilitates the realization of taskbased imaging on sophisticated C-arm platforms. Future work includes additional testing on the Zeego C-arm system, as well as modifying the registration algorithm for robust initialization. For example, in the case of a system with adjustable geometry, initialization of the first projection could be provided by basic input and each subsequent projection could be initialized using the estimated geometry of the previous projection in a bootstrapping manner. The system is also generally applicable as a refinement to systems that are believed to be well calibrated but may suffer slight irreproducibility. Similarly, the method allows reliable CBCT reconstruction in situations where the geometric calibration is no longer valid (e.g., out of date) and provides a potential sentinel to detect when geometric calibration has fallen out of tolerance.
